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Introduction 
< 
i" - . -  .The National Aeronautios'and Space A c t  of 1958 contains a remarkably 
comprehensive statement of t he  object ives  of U.S. a c t i v i t i e s  i n  ssace 
explorat ion,  making it c r y s t a l  c l ea r  t h a t  they extend f a r  beyond khq 
s c i e n t i f i c  object ives  which a r e  discussed i n  t h i s  paper. 
f i r s t  dec la res  t h a t  i t  is t h e  policy of t he  United States t h a t  space 
a c t i v i t i e s  be devoted t o  peaceful purposes f o r  t h e  bene f i t  of a l l  
mankind. 
' P  
1 
Congress 
The Act th---lists eight object ives  which may be paraphrased 
under f i v e  topics ,  a s  follows: 
1. The expansion of human knowledge of phenomena i n  the  atmosphere 
i n  space. This is t h e  s c i e n t i f i c  ob jec t ive  which includes s tud ies  of 
t h e  region near t he  ear th ,  interplanetary space, and the  c e l e s t i a l  
bodies;  
2. The advancement of the technology of aeronaut ics  and space 
fl ight '-  
The appl ica t ion  of space science and technology t o  the  conduct 
and uti!lization of space f l i g h t  fo r  t he  bene f i t  of man; 
4 .  The most e f f e c t i v e  u t i l i z a t i o n  of the  s c i e n t i f i c  and eneineer ine 
resources  of t h e  United States; and R6 6 - S. 8 3 4 8 
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5. Cooperation by the  United S t a t e s  with o%ar n a c i m s  and grsups 
of nations i n  space a c t i v i t i e s .  
Each objec t ive  supports t h e  o thers .  We are here  concerned with 
t h e  s c i e n t i f i c  aspec ts .  
t h e  appl ica t ion  of s c i e n t i f i c  results alrea6.y ava i l ab le  and s t i r n u l a p  
t h e  advance of almost a l l  f i e l d s  of sc ience  carried out i n  l abora to r i e s  
on t h e  ground, but open up completely new breathtaking v i s t a s  through 
t h e  new oppor tuni t ies  fo r  making s c i e n t i f i c  measurements in t h e  high 
atmosphere and ou te r  space. 
t o  make measurements within t h e  ionosphere and of Dhe ionosphere f r m  
above, t o  measure e l e c t r i c  and magnetic f i e l d s  and charged p a r t i c l e s ,  
t h e  dens i ty  of t h e  a i r  near t h e  ea r th  and the flux of micrometeoroids. 
Within t h e  pas t  year w e  launched the  second Orbiting Solar Observatory 
f o r  s tud ie s  of t h e  sun and t h e  f i r s t  Orbiting Geophysical Observatory 
f o r  studying t h e  ea r th .  
f o r  use i n  a s a t e l l i t e  i n  space i s  nearing c m p l e + '  LLOhl.  
Our current space act ivi t ies  r,ot only represent  
We have launched many small e a r t h  s a t e l l i t e s  
An unmanned Orbiting Astronomical Observatory 
A s  D r .  Homer N e w e l l ,  NASA's Associate Administrator f o r  Space Science 
and Applications, has pointed out: 
"The Uiiited States has acquired annd pub,Pished more s c i e n t i f i c  data 
on space than any o ther  nation. 
We have made use of our space knowledge and our technology for 
peaceful appl ica t ions  and the genera l  b e n e f i t  of mackind t~ a 
degree unsurpassed by any other nation. 
We have provided f o r  i n t e rna t iona l  p a r t i c i p a t i o n  i n  our p ro jec t s  
i n  a v a r i e t y  of ways t h a t  have made us t h e  wcxld leader i n  t h i s  
area. 
We have provided more avenues f o r  p a r t i c i p a t i o n  i n  t h e  space 
program by in t e re s t ed  c i t i zens  of our own country than any o ther  
na t ion  has provided f o r  i ts  c i t i z e n s .  
% h - 
\ 
Never before i n  man's h i s t o r y  has an exglora$isn program yielded s o  
much new knowledge and so many 'benefits f o r  so many people in so shor t  
a time--and never before ha s o  many people been a b l e  t o  take  p a r t  
so  soon a f t e r  it s t a r t e d .  I 1  17 
These accomplishments have been achieved only through the cooperation 
of many experinenters i n  un ive r s i t i e s ,  i ndus t r i e s ,  and govermexxt 
l abora to r i e s  i n  t h e  United S t a t e s  an3 abroad. 
National Cosperation i n  Earth-Orbital Programs 
Extension of our experience with t h e  unmanned programs t o  the manned 
e a r t h - o r b i t a l  programs i s  now under way. 
and Applications of NASA has issued an announcement, "Bpportunities f o r  
P a r t i c i p a t i o n  i n  Space F l igh t  Investigations," January 1965, i nv i t i ng  
proposals f r m  t h e  s c i e n t i f i c  community t o  obta in  t h e  b e s t  poss ib le  
s e l e c t i o n  of f l i g h t  inves t iga t ions  f o r  both t h e  manned and umanned 
programs .2) NASA's sus ta in ing  univers i ty  program was inaugurated i n  
1962 t o  increase  un ive r s i ty  pa r t i c ipa t ion  i n  aeronaut ica l  and space 
sc iences  and engineering, thereby strengthening t h e  Nation's rapidly 
expanding space program. The program is  designed t o  increase  t h e  
futr?re s q p l y  of engineers and sc i en t i s c s  t r a ined  i n  space-related 
f i e l d s ;  assist u n i v e r s i t i e s  t o  provide add i t iona l  research f a c i l i t i e s  
f o r  conducting space research; and encourage new$ c r e a t i v e  apgraa~hes  
The Bff ice  of Space Sciences 
t o  research problems and develop new research c a p a b i l i t i e s .  3) 
The poss ib le  manned s c i e n t i f i c  missions a r e  shown i n  Figure 2, 
bu t  only Gemini and Apollo a r e  firmly approved and funded programs. 
S tudies  a r e  under way of possible experiments f o r  fu tu re  poss ib le  
missions,  and suggestions f o r  experiments have been received from many 
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i n s t i t u t i o n s  and from many s c i e n t i f i c  d i sc ip l ines .  
planning experiments f o r  Gemini, A p o l l ~ ,  and advanced manned o rb i t i ng  
programs cane from a l l  over t he  country and from u n i v e r s i t i e s ,  from 
industry,  from government, and from nonprofit  organizations.  Because 
of t h e  p o t e n t i a l  f o r  a l a rge  number of experiments 0f d ive r se  types, 
t h e  a i d  of s c i e n t i s t s  i n  many p a r t s  of t h e  Government has been sought. 
The agencies l i s t e d  i n  Figure 3 a r e  already taking an a c t i v e  r o l e ,  and 
it is expected t h a t  they w i l l  p a r t i c i p a t e  t o  a l a r g e r  degree than ever 
before.  
Members of teams 
The breadth of sc ience  involved i n  t h e  Apollo and poss ib le  fu tu re  
o r b i t a l  programs is a l s o  l a r g e r  than ever before. The s c i e n t i f i c  
experiments include not only those of i n t e r e s t  t o  t h e  bas ic ,  c l a s s i c a l  
s c i e n t i s t s ,  such as phys ic i s t s  and astronomers, but a l s o  newer d i s c i -  
p l ines .  
g i s t s  and pol lu t ion-cont ro l  researchers (atmospheric sc ience  and tech- 
nology); t o  geologis t s ,  hydrologists,  and oceanographers, as w e l l  as t o  
geographers and a g r i c u l t u r a l  researchers (ear th  sc iences  and resources). 
I n  a later paper on the  program D r .  Pe te r  C. Badgley w i l l  descr ibe  
experiments of t hese  types including in tegra ted  sets of instruments 
having sensors "looking" i n  various p a r t s  of t h e  spectrum simultaneously. 
The f u t u r e  experiments a r e  expected t o  be of va lue  t o  meteorolo- 
The e a r l y  manned sc ience  programs depend f o r  t h e i r  success on 
a s t ronau t s  t r a ined  i n  science. 
has been expanded and includes not only members of t h e  t h r e e  m i l i t a r y  
services but  a l s o  c i v i l i a n s .  Some sc ience  t r a i n i n g  is  being given t o  
a l l  of them. This year an inv i t a t ion  was extended t o  s c i e n t i s t s  t o  
A s  you know, t h e  group of as t ronauts  
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become as t ronauts .  The National Ahcadmy 0% Sciences undertook t o  define 
t he  s c i e n t i f i c  qua l i f i ca t ions ,  and NASA combined theee with the physical 
qua l i f i ca t ions  t o  def ine t h e  type sf individual  desired.  By tbe end of 
Decembt~r, NASA had received more than nine hundred a g p l f @ s t i s n a  .for t h e  
sc i en t i s t - a s t ronau t  posi t ions.  Candidates are being screened and tes ted ,  
and it is  planned t o  s e l e c t  from t e n  to twenty t o  start a year of f l i g h t  
t r a in ing  t h i s  summer. I n  the  Mercury program, the as t ronauts  demonstrated 
man's a b i l i t y  as a sensor,  as a manipulator, and ta some extent  as an 
evaluator .  Early Gemini and Apollo f l i g h t s  w i l l  further exmine  these  
c a p a b i l i t i e s  so t h a t ,  i n  t he  fu ture ,  man's f u l l  potential. c m  be 
exploi ted.  
the  explorat ion of space proceeds. 
Space-borne s c i e n t i s t s  w i l l  become members of the tern as 
Ways t o  Participate i n  Manned Space Science Programs 
I n  the previous sec t ions  I have indicated some of the types of 
people  who w i l l  p a r t i c i p a t e  i n  the manned s2aaze science progrms. 
would now l i k e  t o  point out F 7 .  of the waoys t o  pa r t i c ipa t e .  Of C O U K S ~ ,  
t he  actual. f l i g h t  experiments ? .he most glsmorous. H O W W ~ P ,  there 
are o ther  ways which have considerable a z i a ~ t i f i c  importance 
I 
The area  of f e a s i b i l i t y  s tudies  is proving more and WK@ important. 
These involve not  only analyses of phenomena, P ~ K E L ~ W ~ ~ E S ,  and sawsitAvi- 
t ies ,  but. also instrument conception, design, e o n s t r u c ~ i o n ,  and test. 
I n  pa r t i cu la r ,  some of the  sensors planned f o r  use for lunar and 
planetary geological  examination frm orbit w i l l  be tested f i r s t  i n  
a i r c r a f t  and then i n  ear th-orb i ta l  spacecraft over known sites f o r  
purposes of ca l ib ra t ion .  
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Post - f l igh t  ana lys i s  of la rge  amouasts sf datlw is eaotl.,es area f o r  
pa r t i c ipa t ion .  
a c t i v e  i n  t h e  ac tua l  f l i g h t  program, they way becLmwe p a r t  (sf the overa l l  
experiment team and p a r t i c i p a t e  i n  the data se<~c",cn ozd analysis. 
This is p a r t i c u l a r l y  t r u e  f o r  t he  lhsnsrr s u r f x ? .  ex~esiments re an 
important p a r t  of t he  s c i e n t i f i c  progoan will be & h e  pos%-fl.igb!t 
examination of returned samples 
I n  some cases where e x p x h e n t e r s  do s-et w i s h  t o  become 
I n  regard t o  the  f l i g h t  experimentation, as the s i z e  and the  number 
of spacecraf t  increase,  there  w i l l  be more opportuni t ies  f o r  par t ic ipa-  
t i on .  
Mercury f l i g h t s ,  while Gemini  w i l l  carry twelve exelusively S c i e n t i f i c  
experiments (out of a t o t a l  of about: f i f t y ) ,  and the ea r ly  Apsllo 
ea r th -o rb i t  tests w i l l  have on the  order of twenty. 
permit tests of tens  of pounds of experiments on a "piggy-bask" b a s i s .  
However, as shown i n  Figure 4 ,  same sf the Bbture aananed space programs 
w i l l  probably involve la rge  manned spacecraf t  devoted exelusively t o  
s c i e n t i f i c  experimentation. 
There were only a few s c i e n t i f i c  experiments aboard the  manned 
These th ree  vehicles  
Preliminary s tudies  ind iea t e  t h a t  we & r e  near a crp8~-cver point.  
I n  the eases of Mercury, Gemini, and the i n i t i a l  ApoB16 ea r th -o rb i t a l  
tests, weight, volume, and power were prime l h i t a t i a n s .  Kense che 
experiments were co l l ec t ions  of almost independent inves t iga t ions  not 
requi r ing  any appreciable  e l e c t r i c a l  power. For t h e  la rge  manned 
o r b i t i n g  labora tor ies  of t he  future ,  weight, v A > L d m ,  and powers while 
s t i l l  important, became l e s s  of a l imi t ing  factor  in t h e  se l ec t ion  sf 
experiments. Rather, t he  l imi ta t ion  s e m s  to b e  Sh. ingsnt i ty  ~f the  
. 
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experimenter and the astronaut  time avai lab le  to conduct t h e  
invest  i g a t  ions. 
We foresee a change from missions composed p r inc ipa l ly  of small, 
independent experiments t o  those based on la rger ,  more complicated, 
multi-purpose instruments. Instead of t he  small, hand-held 35- and 
70-mm. cameras as i n  Mercury and Gemini, fu tu re  missions may ca r ry  a 
ba t t e ry  of cameras f o r  v i sua l  panoramic and mapping purposes as  w e l l  a s  
mul t i - spec t ra l  photography. Instead of individual ly  packaged laboratory- 
type experiments, multi-purpose equipment and l i fe -suppor t  systems may 
provide g rea t e r  experimental eff ic iency.  
da t a  w i l l  be  ava i l ab le  f o r  experimenters. 
Hence, more and more useful '  
I n t e rna t iona l  Cooperation 
The opportuni t ies  f o r  experimentation which I have discussed here 
are a l s o  made ava i l ab le  t o  foreign researchers within the  framework 
of NASA's i n t e rna t iona l  cooperative program. 
a s  one r e s t i n g  on mutual i n t e r e s t .  On the  one hand, NASA stands t o  
ga in  from foreign experiments of merit  contr ibuted t o  i t s  programs. 
On the o ther  hand, foreign experimenters gain appor tuni t ies  t o  perform 
experiments i n  spacecraf t  not otherwise ava i lab le  t o  them. Each s i d e  
carries out i t s  r e s p o n s i b i l i t i e s  with i t s  own resources and without 
exchange of funds. Thus, foreign experiments which are se lec ted  f o r  
f l i g h t  must be brought t o  the point of f l i g h t  readiness a t  t h e  cos t  of 
t h e i r  fore ign  sponsors. NASA, on the  other  hand, i n t eg ra t e s  t he  
experiment i n  t h e  spacecraf t  and provides t h e  launching a t  i t s  cos t .  
This program is  conceived 
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The i n i t i a l  assoc ia t ion  of NASA with foreign experimenters in such 
a program is  achieved i n  the following way: 
programs are approved, NASA i n v i t e s  proposals from experimenters and 
extends these  i n v i t a t i o n s  a l s o  t o  foreign experimenters and space 
a u t h o r i t i e s .  
headquarters or  through t h e  fore ign  na t iona l  space agency. They are 
then reviewed i n  prec ise ly  t h e  same mamer as d m e e t i c  proposals are 
considered and i n  competition with them and other fore ign  proposals. 
Se lec t ion  is on t h e  merits. 
Mieta s p e c i f i c  f l i g h t  
Foreign proposals may then be eubmitCts4 d i r e c t l y  t o  NASA 
With oppor tuni t ies ,  of course, go l imi t a t ions  of one kind o r  
another.  The fore ign  
experimenter will have t o  address himself t o  new csnotraints of weight, 
volume, and power. Future A p o l l ~  programs w i l l  b s  less r e s t r i c t i v e  i n  
these  respec ts  than pas t  programs, but they w i l l  never the less  impose 
l i m i t a t i o n s  genera l ly  not m e t  i n  earth-bsund l abora to r i e s .  
ments w i l l  have t o  f i t  i n t o  a t o t a l  environment represented by t h e  
spacecraf t  i t s e l f  and a complex of companion axpsrirneats. There w i l l  
be s t r i n g e n t  requirements t~ assure compat ib i l i ty ,  not onby i n  the bas i c  
engineering of t h e  experiment but also i n  zllestric and magnetiic: terms. 
Trae ul t imate  test  of f l i g h t  readiness w i l l  r equ i r e  t h e  experimenter t o  
m e e t  s tandards of mechanical i n t e g r i t y  w e l l  beyond those normally 
encountered. 
worked with and access: to environments2 t e s t  f a c i l i t i e s  f o r  thermal, 
vacuum, and v ib ra t ion  tests. A l l  i n  a l l ,  t h e  high order of technica l  
s tandards  and the  sharp cons t r a in t s  e i c h  apply w i l l  r equ i r e  a continuing 
And these  should be recognized by a l l ,  concerned. 
The experi- 
These i n  t u r n  may require the use of mate r i a l s  not normally 
. 
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and c l o s e  a s soc ia t ion  between experimenters and p ro jec t  engineering 
personnel throughout t h e  period of preparation. 
Secur i ty  questions have not s i g n i f i c a n t l y  interposed themselves 
i n  our cooperative programs s ince  the  NASA prograins theanselves are so 
l a rge ly  open. Nevertheless, t h e r e  is  a d i s t i n c t i o n  between sc ience  
and technology. Technology of ten  brings with it propr ie ta ry  and i n  
some cases c l a s s i f i e d  elements. It: i o  perhaps well t o  recognize t h a t  
some l imi t a t ions  with regard t o  access may be encountered €ran time t o  
time. It is  unlikely,  however, t h a t  t hese  would be d i sab l ing  o r  
s e r ious ly  l imi t ing  t o  t h e  s c i e n t i f i c  experimenter. 
The general  r e l a t ionsh ips  and procedures described he re  as applica- 
b l e  t o  fore ign  experimenters have been working with outstanding success 
in t h e  case  of our observatory satell i tes.  
experiments have been se l ec t ed  f o r  f l i g h t  on these  satel l i tes .  
More than a dozen fore ign  
Csnc lus ion 
It may be  concluded t h a t ,  i n  accordance with NASA objec t ives  and 
pas t  policy,  continued cooperation with both na t iona l  and in t e rna t iona l  
s c i e n t i s t s  w i l l  be  encouraged in  thz ;;lana,ed space sc ience  program. The 
f u t u r e  manned spacecraf t  w i l l  o f f e r  a much wider scope of opportunity 
f o r  pa r t i c ipa t ion .  
i nves t iga to r s .  
which w i l l  be c a r e f u l l y  screened as t o  s c i e n t i f i c  value,  as t o  engineer- 
ing and opera t iona l  compatibil i ty,  and as t o  u t i l i z a t i o n  of p o t e n t i a l  
s c i e n t i s t s - a s t r o n a u t s .  
There w i l l  be many avenues open t o  many types of 
Ehphasis w i l l  continue t o  be placed on good experiments 
-PO- 
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